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1 Introduction
At the RAN1#87 meeting RAN1 discussed various resource sharing/assignment schemes and the following agreement related to scheduling and control signalling was made to support in NR [1]:  
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design

It is worth noting that the above agreement implies that a scheme without grant for URLLC may not be the only scheme supported.  In addition to the above agreement, RAN1 reached an early agreement at RAN1#85 that at least for eMBB NR will support scheduling-based transmissions [2]:
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment

The above agreements create a dilemma for eMBB and URLLC that has repercussions in terms of performance and resource utilization efficiency, especially when it comes to multiplexing both types of services.  In this contribution, we propose that NR should also support Scheduling Request grant-based transmissions for URLLC in order to meet the wide range of URLLC latency and reliability requirements and to facilitate multiplexing of eMBB and URLLC, and, in the process, improve resource utilization efficiency and provide the eNB scheduler with greater scheduling flexibility. 
The contribution is organized as follows:
· Section 2 examines the latency and reliability requirements for URLLC and their implication for grant-free and grant-based transmission to meet these requirements
· Section 3 reviews some results for URLLC grant-free and grant-based transmission in reference to the requirements in the previous section
· Section 4 states some of the advantages of the Underlay SR method as an SR enhancement for NR to make grant-based transmission more efficient.
· Section 5 presents summary and conclusions

2 URLLC Latency and Reliability Requirements

URLLC services present some of the most challenging scenarios for NR. These include many critical communication use cases that require both low latency and high reliability (i.e., very low packet or message error rate).  Figure 1 reproduced from [3] below summarizes these scenarios and their latency-reliability requirements in reference to LTE Rel. 13.  For some of these scenarios it is noted that latency has to be reduced by at least one order of magnitude while error rates have to be reduced by several orders of magnitude.
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Figure 1 URLLC Latency and Reliability requirement summary (see [3]).

In order to reduce latency, grant-free transmission is a good candidate for the uplink; however, when confronted with meeting both latency and reliability, grant-free transmission may encounter some challenges.  For example, high contention will mean that several retransmissions may be required which results in increased latency and reduced resource utilization efficiency.  It also remains to be seen if some of the latency-reliability targets (i.e., very low error rates like 10-6 or lower, such as shown in Figure 1) or such as cited in [10] where packet loss rates of 10-9 and delays between 250 µs and 10 ms are mentioned in connection with factory automation, can be met without excessive complexity.  On the other hand, grant-based transmission may help meet the high reliability requirements, but may be challenged to meet latency requirements if the current LTE Scheduling Request (SR) method with its inherent waiting time is used. This means that in order to meet latency requirements, an enhanced SR method will be required that addresses reducing or eliminating this waiting time [4].  This is addressed in section 4 below.



3 Performance of grant-free and grant-based schemes for URLLC

[bookmark: _GoBack]In this section, we present a brief review of significant results for grant-free and grant-based transmission that can help discern whether the above URLLC requirements can be met by either scheme or a combination of both.

The performance of UL grant-free transmission based on non-orthogonal SCMA is presented in [5], where it is shown that SCMA can provide a significant capacity advantage over OFDMA for the same network loading and outage criteria.  It is important to note (see section II of [5]), that the authors cite bypassing the waiting time intrinsic in the LTE SR method as a motivation for grant-free transmission. This implies that to be competitive, any SR grant-based scheme must similarly reduce or eliminate this waiting time in order to meet latency targets.
An additional performance comparison between grant-free and grant-based schemes is provided in [6].  Using a latency of 1 ms and an error rate reliability criterion of 10-5, it is shown that grant-free schemes can outperform grant-based schemes in terms of percentage of UEs satisfying the latency-reliability criterion for a given traffic load. However, we note the following from the results in [6] (see Figure 4 therein):
a) Grant-based schemes can satisfy the latency-reliability criterion for a large fraction of users and in many cases GB may perform better than GF/SPS if the wait-time and higher MCS adaptability of GB are considered. 
b) For lower reliability criteria (i.e., error rates lower than 10-5) and/or high level of contention, grant-based schemes can be a useful complement to grant-free schemes. This may particularly be the case when the maximum number of grant-free transmissions is limited by the delay budget [7].
More specifically, a preliminary analysis presented in [8] indicates that for UL URLLC, grant-free single transmission schemes may generally be unable to meet the reliability requirements, which means that relying on additional grant-free transmissions will add to overall latency and may still not meet reliability requirements when contention is above a certain threshold.
A different approach offered in [9] relies on SR transmission along with the first HARQ transmission, which may be grant-free. This would imply that subsequent transmissions be grant-based to increase reliability.  This scheme may yield improved system performance when eMBB and URLLC traffic are multiplexed dynamically.  However, the benefit of this scheme depends on  the first GF transmission being successfully decoded at the gNB.  

In schemes like this, it again becomes clear that the SR transmission should overcome the waiting time inherent in the LTE SR method in order to reduce latency. Also, in the current LTE method, this SR transmission would occupy additional resources that, when cumulatively accounted for, will tend to reduce resource utilization efficiency.  It then becomes apparent that any grant-based transmission scheme relying on SR should seek to enhance this SR transmission to address these difficulties, as detailed in [4] with the proposal of an Underlay SR channel and summarized in the following section.

In view of the above results, we make the following observations:
.

· Grant-based transmission with enhanced SR will help meet URLLC requirements as a complement to grant-free transmission when there is high level of contention [6].

· Grant-based transmission will facilitate eMBB/URLLC multiplexing in NR [9].

· In order to be a useful complement to grant-free transmission, grant-based transmission requires an enhanced SR method that overcomes the limitations of the existing LTE SR method.  This is summarized in the following section. Underlay SR can help reduce latency (eliminate wait time, increase resource utilization efficiency and give eNB scheduler more flexibility).




4	Advantages of Underlay SR transmission as an SR enhancement for NR

As mentioned in [5], overcoming the waiting time of the LTE SR method to reduce latency, especially for URLLC applications, is a key motivation for grant-free transmission.  Similarly, for any grant-based transmission scheme that relies on SR, the NR SR method must be enhanced to overcome this difficulty.  One such enhanced SR method has been presented in [4], namely Underlay SR transmission.  Below we summarize the advantages of this method over the legacy LTE SR method.  We note that such an enhanced SR method will be beneficial to both eMBB and URLLC and will also facilitate multiplexing of both services in NR.


Table 1   Summary of advantages of Underlay SR scheme over the LTE SR method
	Category
	LTE-based SR
	Underlay SR

	Wait time 
	Can be a significant part of overall delay 
	Wait time is eliminated

	Delay granularity
	Works with whatever granularity is chosen but remains fixed
	Works with any chosen granularity (mini-slots, slots, sub-frames or multiple sub-frames) to adapt to transmission

	Resource utilization efficiency
	Coupled to SR period (higher for long SR period and hence long delay, lower for short period)
	Very high since resources are based on the SR

	Scheduler flexibility
	Limited because efficiency is tied to SR period
	High because scheduler can allocate resources much more efficiently due to the availability of longer lead times [4]

	SR Resource allocation
	Needs time/frequency allocation as part of UL control channel (PUCCH)
	Works over already allocated resources (i.e., no additional resources needed)

	 Implicit SR messaging 
	Not available
	Available by assigning different SR codes for different traffic types resulting in reduction of message-exchange delay. 









5	Conclusion
Based on the above discussion, we recommend that NR should support grant-based transmission with an enhanced SR method to complement grant-free transmission to meet the wide range of URLLC requirements.  This will also benefit eMBB since the proposed enhanced SR method would generally reduce latency and give the eNB greater flexibility scheduling resources with greater efficiency.  This can be summarized in the following proposals:  

Proposal 1: NR should support grant-based transmission with enhanced SR as a complement to grant-free transmission to meet URLLC requirements and facilitate eMBB/URLLC multiplexing
Proposal 2: NR should consider the Underlay SR method to make grant-based transmission more efficient for both eMBB and URLLC. 
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